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E-textile embroidery is recently emerging as a highly promising substitute to 
copper for diverse applications that require flexibility, conformality and 
robustness (wearables, military, smart homes, and more). Studies have long 
contrasted the performance of e-textile conductive surfaces vs. their copper- 
based counterparts. However, several electromagnetic (EM) components, such 
as coils or wire antennas, rely on conductive wires rather than conductive 
sheets/surfaces. In this work, we report the first comparison of e-threads vs. 
copper wires for EM applications across the entire | kHz to 4 GHz range. At 
low frequencies, coils made of e-threads and copper wires show similar self and 
mutual inductance, though resistance values are up to 2 to 9 times higher for e- 
threads. At high frequencies, transmission lines made of e-thread and copper 
wire show good agreement. Notably, e-threads are over 4 times more 
lightweight as compared to copper. In future, these findings can be leveraged to 
translate various copper-wire EM components into e-textiles. 


Index Terms: e-textiles, embroidery, reflection coefficient, transmission 
coefficient 
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Introduction 


e Experimental Results 
— Low Frequencies (1KHz to 100KHz) 
— High Frequencies (10 MHz to 10 GHz) 
— Weight Comparison of E-threads vs. Copper 


Example Applications 
- MCG 
— Kinematic Monitoring 


— RFID 


e Conclusion and Future Work 
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Motivation 
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components 
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Wire Antennas 











Antennas 


MOTIVATION: 


E-thread characterization 
studies are missing]! 





Zhong et al., "Conformal Load-Bearing Spiral Antenna on Conductive Textile Threads," in IEEE Antennas and Wireless Propagation 
Letters, vol. 16, pp. 230-233, 2017 
| = e Kiourti et al., "Fabrication of Textile Antennas and Circuits With 0.1 mm Precision," in IEEE Antennas and Wireless Propagation Letters, 
ElectroScience vol. 15, pp. 151-153, 2016. 
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- Characterize e-threads 
¢ Use e-threads from the beginning 


of the design 
e Eliminate comparisons vs. copper 
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Component-based 
comparison with Cu 
Counterpart 
















Focus of this 
presentation 





Extraction of material EM 
properties such as 
conductivity etc. 
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e Experimental Results 
— Low Frequencies (1KHz to 100KHz) 
— High Frequencies (10 MHz to 10 GHz) 
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Weight Comparison of E-threads vs. Copper 





0 l 
A A Overview of Comparative Study 


Comparative Experimental Study (Cu wire and E-thread) 


Low Frequency | High Frequency 
(1 KHz-100 KHz) (10 MHz to 10 GHz) 


Component Used: 


Component Used: Coils cone 
Transmission. Line 








| 
di | =- 7 ra | 
TA a i CTAN CO ara IC'T ATAC TES 511 S21 
A XUCLA INN E ALAN CCL LULL 














Pe Tulio] 


LABORATORY 


THE OHIO STATE 
UNIVERSITY 


Employed E-Threads and Copper Wire 


















Copper wire 
30 AWG = Diameter (0.255mm) 


E-Thread 
Brand: Liberator 40 Ag 
Twist per inch: 4.5 
Diameter: 0.255mm 
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Low Frequencies: Set-up and Results 
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Measurement 
Probes 




















Copper-Wire E-Thread 
f{(KHz2) Loosely Tightly Loosely Tightly 
Resistance and wOunS Wound Wound Wound 
R L R L R [3 R i 


Self-inductance 


1 O95) 77 oro oras sa 7 0.12 0.25 
Results 


0.95 7.6 0.078 0.29 873 681 0.12 0.24 
Y 0.88 7.56 009 0.24 864 684 012 0.2 
*R in ohms and L in pH 


> Resistance values are 2 to 9 times higher for e-threads 
> Self-Inductance values are very close for Cu and e-thread 
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Low Frequencies: Mutual Inductance Results 


Input Output Voltage (V (p-p)) 


Frequency | Voltage 
(KHz) (V (p-p)) Cu Wire E-Thread 










Mutual-inductance 
Results for loosely 
wound coils in terms of 


10 0.15 0.13 

output voltage 
100 5 0.08 0.07 
3 0.05 0.04 





E-Thread 





E-Thread 





Pictorial summary of all 
the results 
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High Frequencies: Experimental Set-Up 







Fabricated 
Prototype 


Design, fabrication and measurement of transmission lines based on 
Cu and e-thread 
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High Frequencies: Experimental Results 
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Weight Comparison 





Cu-wire and E-Thread 
> Diameter = 0.255mm 
> Length = 270cm 
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Example Applications 
- MCG 
— Kinematic Monitoring 


— RFID 
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Low Frequency Application: MCG 


Changes in circuit 


parameters such as R, L 
and M needs 
consideration while 
translating to e-threads 





Coil signals divided into individual 
Heartbeats and averaged 
Synthetic Gradiometry & Filtering 


Magnetic Field Map 
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ATA AL Mishra et al., "Wrap-Around Wearable Coils for Seamless Monitoring of Joint Flexion," in IEEE Transactions on Biomedical Engineering. 
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Conclusion and Future Work 
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Comparative Measures Comparison of Cu Wire Vs E-Thread 
Self-Inductance Comparable (9% to 28% decrease compared to Cu) 
Low Frequency Mutual Inductance Comparable (12.5% to 20% decrease compared to Cu) 
Resistance E-Thread has 2 to 9 times higher resistance 
1544! : 
A Very comparable from 10 MHz to 4 GHz with 
5 d y S. increasing deviation beyond 4 GHz 
21 
Weight E-threads are over 4 times lighter than Cu-Wire 


Future Work 

> Extract EM material properties such as conductivity and permittivity. 

> Characterize e-thread over wide band. 

> Allow e-thread to be used as a material of choice during the design phase itself, 
including applications beyond 4 GHz. 
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